T HE external splinting of the unstable cervical spine is a difficult and complicated endeavor. The application of the halo stabilization device has been advocated for the unstable cervical spine. The stability offered by the halo jacket, however, may be more apparent than real. In order to compare the efficacy of the thermoplastic Minerva body jacket (TMBJ) 5 with the halo jacket, an evaluation of these orthoses in 10 patients was performed.
Clinical Material and Methods
Ten patients who were treated at Louisiana State University Medical Center for unstable posttraumatic cervical spine injuries were evaluated. A variety of cervical spine injuries were included in this study (Table 1) . Eight patients underwent surgery, and two patients with hangman's fractures underwent external splinting only.
The patients initially underwent external splinting with a halo jacket* for 6 to 8 weeks. The halo jacket was then removed and a TMBJ constructed of Poly-* Halo jacket manufactured by AOA Professional Medical Products, Inc., Orthopedic Products Group, Miami, Florida. form 5 (a splinting material made from a polyester polycaprolactone) and Polycushion (a closed-cell foam for padding) was applied.t Immediately prior to removal of the halo jacket, extreme flexion and extension movements were performed by the patient and lateral radiographs of the cervical spine were obtained in these positions. Two to 3 weeks later, similar x-ray films were obtained while the patient was splinted in the TMBJ. The movement at each intervertebral level from the occiput to the lower cervical region was then measured by the method described by Johnson, et al. 2 Following removal of the TMBJ, all patients completed a questionnaire and were interviewed regarding the relative comfort of each orthosis.
Results
The results of a comparison between the halo jacket and the TMBJ are summarized in Table 1 . Movement between each vertebral segment from the occiput to the C-7 vertebra was recorded. In six patients (Cases l, 4, 5, 6, 8, and 10), the movement between C-6 and C-7 t Polycushion manufactured by Smith and Nephew Rolyon, Inc., Menomone Falls, Wisconsin.
could not be measured due to soft-tissue x-ray beam obstruction in the low cervical region. When a comparison was not possible between the halo jacket and the TMBJ group, parentheses were placed around the degrees of movement that could be measured (see Table  1 ). This enabled calculation of the average movement at the C6-7 level (columns), but did not allow use of the C-7 level as the lowest point when comparing overall flexion and extension from the occiput to the lower cervical region (rows). The sum of movements at each vertebral level was then recorded for both the halo jacket and the TMBJ ( Table 1 ). The overall movement, from occiput to the lowest cervical segment, was recorded for comparison purposes. Table 2 summarizes the information in Table 1 . The movement at each intervertebral level with its standard deviation is recorded for both the halo jacket and the TMBJ. The sum of the individual intervertebral movements from the occiput to C-6 or C-7 is also included in this table. At every level except the C1-2 level (not significant), the TMBJ yielded less movement (from flexion to extension) than the halo jacket.
A comparison of the movement at each intervertebral level in all patients demonstrated an average of 3.7* _+ 3.1" of movement in the halo jacket and 2.3* _+ 1.7" of movement in the TMBJ, representing a statistically significant difference (p < 0.0025). The overall measured movement from the occiput to the lowest cervical segment that could be visualized on lateral x-ray films was 5.2* in each group (Table 2) . Since the sum of the movement at each vertebral level in each patient was much greater than the overall measured movement between the occiput and C-6 or C-7 (5.2 ~ in both groups), there was obviously some "snaking" of the cervical spine allowed in both orthoses. There was much more "snaking," however, in the halo device than in the TMBJ since there was a marked discrepancy between the sum of movement at each intervertebral level (23.4* + 13.7" vs. 14.8" _ 4.4* in the halo vest and TMBJ groups, respectively) and the measured movement from the occiput to C-6 or C-7 (5.2* in each group) (Table 2) .
Overall, eight of the 10 patients preferred the TMBJ to the halo device. Only three of the patients felt safer in the halo jacket than in the TMBJ. Major complaints regarding the orthoses were only voiced against the halo device. These included loose pins, pin site infection, pin site scarring, extreme discomfort while sleeping, and neck pain.
Discussion
It is important to understand the concept of cervical spine "snaking" in order to appropriately utilize external splinting techniques for the unstable cervical spine. In a study by Johnson, et al.,3 "snaking" of the cervical spine is defined as a serpentine movement of the spine "whereby a simple overall movement (such as flexion or extension) is accompanied by an unexpected combination of flexion and extension movements at each intervertebral level." The amount of "snaking" can actually be quantitated by calculating the difference between the overall measured movement from the occiput to the lowest cervical segment and comparing it to the sum of movements at each intervertebral level. When the sum of movements at each intervertebral level is much greater than the overall movements measured from the occiput to the lowest cervical level, then "snaking" is present. showing that extension occurs at every intervertebral level. C: The spine held in rigid fixation with a device such as the halo jacket. Capital and true neck extension is attempted, but minimal overall movement between the occiput and C-7 occurs. However, there is a significant amount of movement at each intervertebral level: some levels are in flexion and others in extension. This gives the obvious appearance (in this exaggerated example) of a serpentine (snaking) movement of the spine instead of a gentle curve from top (occiput) to bottom (C-7). D: The opposite movement (capital and true neck flexion) is attempted while the spine is held in a halo device. Similar, but opposite, serpentine movements occurred. 
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r was noted in the halo jacket group compared to 5.2" of overall measured movement from the occiput to the lowest cervical segment. The patients with TMBJ stabilization demonstrated a much smaller difference between these two numbers (14.8" vs. 5.2"). This indicates that substantially less "snaking" occurred in the latter group. It also illustrates, however, that even in the Minerva jacket a moderate amount of cervical spine "snaking" does occur. Intuitively, one would think that a more rigid stabilizing device would be more likely to cause "snaking." This apparently is true (as demonstrated in this study). Koch and Nickel 4 discussed the concept of "snaking" of the cervical spine, and demonstrated significant other unexpected stresses placed upon the spine while theoretically rigidly immobilized in the halo apparatus. Johnson, et al., 3 also addressed the "snaking" phenomenon and noted only a 4% overall measured movement from flexion to extension in the halo device. This minimal overall movement cannot be interpreted as offering significant stability.
Since the TMBJ offers more overall stability than the halo jacket, it must offer more stability than other orthoses with which the halo device has previously been compared. These include the Philadelphia collar, the soft collar, the SOMI (sterno-occipitomandibular immobilizer) brace, the four-poster brace, the Yale brace, and the cervicothoracic brace. 3 The TMBJ offered a substantial improvement in comfort over that achieved in the halo jacket. This establishes the TMBJ as not only more efficacious, but also more comfortable than the halo device for long-term use in ambulatory patients.
In this study, great care had to be exercised in order to assure similar radiographic reference points of measurement from flexion to extension. A minimal alteration of a single point may result in a significant variation in the angle between vertebral segments. This obviously suggests the possibility of introducing error into the analysis; however, this error should have occurred with equal frequency in both the halo and the TMBJ groups.
Also of potential significance with regard to the validity of this study is the fact that only patients whose injury resulted in an unstable cervical spine were included. The nature of the application of the halo device as well as the need for exposure to x-rays prohibited the use of volunteer subjects in this study. It was believed that a 6-to 8-week wait before the actual testing of the intervertebral segmental movement in the halo device would allow most, if not all, of the pain associated with the original trauma to have subsided. Pain, therefore, did not play a role in the cooperation of the patient with regard to x-ray films obtained at extremes of flexion and extension. The use of patients with unstable spines also afforded us an opportunity to evaluate true pathological situations with regard to both the halo device and the TMBJ. On the other hand, the 6 to 8 weeks that elapsed between application and testing of the halo device (plus the 2 to 3 weeks spent in the TMBJ prior to testing) most certainly allowed for substantial healing and, thus, the achievement of a relatively solid bone construct. Therefore, at the time of testing, relatively stable spines were evaluated. The advantage of the TMBJ over the halo device should, nevertheless, be similar in the frankly unstable spine.
In the series presented here, C 1-2 was the only level in which the halo device offered less movement than the TMBJ. This level, therefore, may be best stabilized with the halo device. Other unexpected forces, such as compression and distraction, that are applied to the spine during halo stabilization 4 may, however, be of even more significance and should be taken into account. As pointed out by Johnson, et al., 2"3 various factors must be considered when determining which orthotic device is most appropriate for a given situation. For example, the halo jacket may be the most appropriate device in cases of unstable hangman's fractures, whereas the Philadelphia collar might suffice for the more stable hangman's fracture. ~ Obviously, the degrees of movement offered by each device at the specific vertebral level of concern must play a paramount role in this decision-making process.
In summary, the TMBJ has been shown to offer a significant decrease in intervertebral movement over that seen with the halo jacket. The difference between these two devices apparently resides in the phenomenon of cervical spine "snaking" which is seen more frequently in the "aggressively" immobilized spine (halo jacket). The improved comfort of the TMBJ over that experienced in the halo jacket implies that the TMBJ and related devices should be selected more frequently as the orthoses of choice for the external splinting of the significantly unstable cervical spine.
